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Motivated by recent experimental progresses, we investigate few-body properties of interacting
spinless bosons nearby a d-wave resonance. Using the Skorniakov-Ter-Martirosion (STM) equa-
tions, we calculate the scattering length between an atom and a d-wave dimer, and we find that the
atom-dimer scattering length is positive and is much smaller the result from the mean-field approx-
imation. We also reveal unique properties of the three-body recombination rate for a degenerate
Bose condensate nearby the d-wave resonance. We find that the total recombination rate is nearly
a constant at the quasi-bound side, in contrast to the behavior of a thermal gas nearby high-partial
wave resonance. We also find that the recombination rate monotonically increases across the unitary
point toward the bound side, which is due to the largely enhanced coupling between the atom and
the d-wave dimer with deeper binding energy. This monotonic behavior is also qualitatively different
from that of a degenerate gas nearby an s-wave resonance counterpart.
I. INTRODUCTION
Recently broad d-wave shape resonances have been ob-
served in Bose gases of 85Rb-87Rb mixture [1] and of 41K
atoms [2]. Since the resonances are broad, it is much
easy for experiments to locate the magnetic field sta-
bly at the resonance regime. In addition, the lifetime
of the Bose gas nearby the d-wave resonance is found to
be much longer than the many-body time scale [2]. These
properties enable studying novel many-body physics of a
d-wave resonant interacting Bose gas. In fact, certain
many-body effects have been observed in a recent exper-
iment when a degenerate Bose gas is ramped through the
d-wave resonance [2].
So far the few-body properties of this system have been
barely studied [3–5]. However, these few-body proper-
ties are quite important for understanding this system.
For instance, the scattering length between an atom and
a d-wave dimer is crucial for the stability of an atom-
dimer mixture produced through ramping through the
resonance, as well as for determining the system size and
its collective mode. The three-body recombination rate is
also crucial for understanding the lifetime of this system.
In this work, we study the three-boson problem nearby
a d-wave resonance and with a background s-wave in-
teraction, using the Skorniakov-Ter-Martirosion (STM)
equations [6]. We extract the scattering length between
an atom and a d-wave dimer and the three-body recom-
bination rate from the calculation. Our main findings
are:
i) We find that the scattering length between an atom
and a d-wave dimer is positive and is generally smaller
than 8as/3 with as being the the atom-atom s-wave scat-
tering length. Here aMFad = 8as/3 is the atom-dimer scat-
tering length estimated by the mean-filed approximation.
ii) The three-body recombination rate is nearly a con-
stant at the quasi-bound state and monotonically in-
creases across the unitary regime toward the bound side.
We point out that this behavior is qualitatively different
from both a thermal gas nearby high-partial wave reso-
nance and a degenerate gas nearby an s-wave resonance.
II. THE MODEL
For a d-wave resonantly interacting spinless Bose sys-
tem with background s-wave interaction, the Lagrangian
of the effective field theory can be casted as
L =
∑
k
ψ†k
(
i∂t − k
2
2M
)
ψk +
∑
q
ν¯
g¯2d
d†qdq +
∑
q
1
g¯s
φ†qφq
−
∑
k,q
[√
2pik2Y20(kˆ)e
−k2/Λ¯2d√
V
d†2qψq+k/2ψq−k/2 + H.c.
]
−
∑
k,q
[
e−k
2/Λ¯2s√
V
φ†2qψq+k/2ψq−k/2 + H.c.
]
,
(1)
where ψ(†) is the atomic field, and d(†) is the d-wave
dimer field. Here φ is the s-wave dimer field introduced
through the Hubbard-Stratonovich transformation to in-
corporate the s-wave interaction between atoms, and the
last line describes the conversion between atoms and s-
wave dimers, where the form factors e−k
2/Λ¯2s(d) are intro-
duced to regularize the ultraviolet behavior. The atoms
and d-wave dimers are coupled through the second line
of the above equation. A separable potential is used for
both the d-wave and s-wave interactions. In principle,
the d-wave dimers have five components corresponding
to m = 0,±1,±2, but they are split due to the dipole-
dipole interaction. Here, without loss of generality, we
will only consider the m = 0 channel with coupling char-
acterized by the spherical harmonic function Y20(kˆ).
The parameters in the model Eq. 1 needs to be related
to physical parameters. First of all, the bare parameters
relevant to the s-wave interaction are g¯s and Λ¯s. These
bare parameters are determined to reproduce the correct
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FIG. 1. Feynman rules for the s-wave dimer full propagator
iDs(q, E). The single line stands for the bare atomic Green’s
function. The double lines are the bare s-wave dimer Green’s
function. The black dots are the s-wave interacting vertex.
physical parameters of scattering length as and bound
state energy Esb = −5.7/(2Ma2s ) which is calculated for
41K by the quantum-defect theory. Here the reason we
use the binding energy from the quantum defect theory is
because the s-wave scattering length is generically small
nearby the d-wave resonance, as in the case of these two
experiments [1, 2], and therefore the result from a zero-
range potential Eb = −1/(Ma2s ) is not quite accurate.
The s-wave scattering matrix can be derived as
Ts
(
kkˆ, kkˆ′, E =
k2
M
)
= −4e
−2k2/Λ¯2s
V
Ds(q = 0, E =
k2
M
),
(2)
where Ds(q, E) is the s-wave dimer full propagator which
can be diagrammatically described by Fig. 1,
D−1s (q, E) ≡ D−1s (Ω = E −
q2
4M
)
=
M
2pias
− M
√−MΩ
2pi
(
1− Erf
[√−2MΩ
Λs
])
e
− 2MΩ
Λ¯2s ,
(3)
where Erf(x) is the Error function defined through
Erf(x) = 2√
pi
∫ x
0
dte−t
2
. Here the bare parameter g¯s has
been regularized through
1
g¯s
=
M
2pias
− M
pi2
∫
dke−2k
2/Λ¯2s . (4)
The above renormalization relation is established
through the connection between the s-wave scattering
matrix Eq. (2) and the s-wave phase shift
T−1s
(
kkˆ, kkˆ′, E =
k2
M
)
= −VM
8pi
(cot δs − ik) . (5)
Taking the low energy expansion of the s-wave phase shift
up to zeroth order of k with cot δs = −1/as, renormal-
ization relation between g¯s and as is then established as
in Eq. (4).
On the other hand, the bound state energy can be cal-
culated by requiring D−1s (q = 0, E = E
s
b ) = 0. The
binding energy obtained in this way is required to be
equal to Esb = −5.7/(2Ma2s ) obtained from the quantum
defect theory, which leads to the following renormaliza-
tion between as and Λ¯s as
Λ¯s =
4.36
as
. (6)
Secondly, the bare parameters relevant to the d-wave
interaction are g¯d, Λ¯d and ν¯. Similar to diagrams in Fig.
1, the d-wave full propagator is calculated as
D−1d (q, E) ≡ D−1d (Ω = E −
q2
4M
)
=
ν¯
g¯2d
+
√
2piM Λ¯d[16(MΩ)
2
+ 4MΩΛ¯2d + 3Λ¯
4
d]
128pi2
−
32M(−MΩ)5/2e−
2MΩ
Λ¯2
d Erfc
(√−2MΩ
Λ¯d
)
128pi2
,
(7)
where the complementary error function Erfc(x) is de-
fined as Erfc(x) = 1 − Erf(x). Then the associated T -
matrix is given as
Td(kkˆ, kkˆ
′, E =
k2
M
) = −8pik
4Y20(kˆ)Y20(kˆ
′)e
−2 k2
Λ¯2
d
V
×Dd(q = 0, E = k
2
M
),
(8)
from which one can obtain the two-body scattering am-
plitude in the d-wave channel as
Td(kkˆ, kkˆ
′, E =
k2
M
) = −32pi
2
MV
Y20(kˆ)Y20(kˆ
′)fd(k). (9)
The d-wave scattering amplitude fd(k) is related to the
d-wave phase shift through
fd(k) =
k4
k5 cot δd(k)− ik5 . (10)
In the low energy limit, the d-wave phase can be ex-
panded in order of k as k5 cot δd = −1/D−k2/v−k4/R.
With these one can establish the following three renor-
malization relations between the bare d-wave interact-
ing parameters {ν¯, g¯d, Λ¯d} and the physical parameters
{D, v,R},
1
D
=
4pi
M
ν¯
g¯2d
+
3
16
√
2pi
Λ¯5d
1
v
=
8pi
M Λ¯2d
ν¯
g¯2d
+
5
8
√
2pi
Λ¯3d
1
R
=
8pi
M Λ¯4d
ν¯
g¯2d
+
15
8
√
2pi
Λ¯d.
(11)
In the following calculation, for each set of {D, v,R}, we
numerically solve the {ν¯, g¯d, Λ¯d}.
III. ATOM-DIMER SCATTERING LENGTH
The scattering length between an atom and a d-wave
dimer can be obtained by calculating the scattering
amplitude between them defined as Add(k, ω,k′, ω′, E).
In the subscript, the first letter d stands for the in-
coming dimer to be d-wave type. The second let-
ter d denotes that the outgoing dimer is also a d-
wave dimer. Add(k, ω,k′, ω′, E) characterizes collision
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(b)
FIG. 2. Feynman rules for the scattering processes between an
atom and a d-wave dimer. The double (dashed) lines are the
bare s (d)-wave dimer Green’s functions. The shaded double
lines are the corresponding full Green’s functions. The black
dots (stars) are the s (d)-wave interacting vertex.
from an atom and a d-wave dimer to an atom and
a d-wave dimer. For later convenience, definition
of Asd(k, ω,k′, ω′, E) describes collision from an atom
and an s-wave dimer to an atom and d-wave dimer.
The incoming dimer is s-wave type and the outgoing
dimer is d-wave type. Similar definition applies for
Ass(k, ω,k′, ω′, E) or Ads(k, ω,k′, ω′, E).
The diagrams to calculate Add are shown in Fig. 2
[6]. In the center-of-mass frame, we take the external
momentum of the atom and d-wave dimer to be −k and
k for the incoming lines and −k′ and k′ for the outgoing
lines. Here we only consider an on-shell case with ω(′) =
k(′)2/2M . In Fig. 2, the double dashed lines are the bare
d-wave dimer Green’s function. The double solid lines
are the bare s-wave dimer Green’s function. The shaded
double lines are the corresponding s- or d-wave dimer
full propagator given by Eq. (3) or (7). The black dots
(stars) are the s (d)-wave interacting vertex.
On the right hand side of Fig. 2 (a), the lowest order
of Add is the one-atom exchange term where the d-wave
dimer is broken up to form another d-wave dimer. The
second diagram includes all higher order of intermedi-
ate scattering process with both incoming and outgoing
being the atom and d-wave-dimer, which gives the corre-
sponding iterative Dyson equations. In the second dia-
gram of Fig. 2 (a), within the one-atom exchange term,
due to the existence of s-wave interaction, an s-wave
dimer can be formed after the breaking of the incoming
d-wave dimer. Then we need to include Asd whose cor-
responding diagrams are shown in Fig. 2 (b). Similarly,
the left two diagrams includes all higher order of scatter-
ing processes with both d-wave and s-wave interactions.
Due to the coexist of both s- and d-wave interactions, the
Add and Asd are coupled to each other as diagrammed in
Fig. 2, which form a coupled iterative Dyson equations.
Explicitly, Fig. 2 can be expressed by two coupled
STM equations for Add and Asd which can be written as∫
d3k1
(2pi)3
[Mdd(k,k1)Add(k1,k′) +Mds(k,k1)Asd(k1,k′)]
−Add(k,k′) = Udd(k,k′)∫
d3k1
(2pi)3
[Msd(k,k1)Add(k1,k′) +Mss(k,k1)Asd(k1,k′)]
−Asd(k,k′) = Usd(k,k′).
(12)
On the right hand side of the above equations, the lowest
scattering process Uσσ′ are given by
Uσσ′(k,k′) =Uσ
(
k+ 2k′
2
)
Uσ′
(
2k+ k′
2
)
×GA0
(
k+ k′, E − k
2
2M
− k
′2
2M
) (13)
where Uσ=s,d are the s- or d-wave vertex with
Us(k) = 2e
−k2/Λ¯2s (14)
Ud(k) = 2
√
2pik2Y20(kˆ)e
−k2/Λ¯2d , (15)
and
GA0 (k, ω) =
1
ω − k2/2M + i0+ (16)
is the atomic bare Green’s function. On the left hand
side of the two coupled STM equations, the four kernels
Mσσ′=s,d are given respectively by
Mσσ′(k,k1) = Uσσ′(k,k1)Dσ′
(
k1, E − k
2
1
2M
)
, (17)
in which Dσ=s,d(k,Ω) is the s- or d-wave full Green’s
function of Eq. (3) or (7).
The information of low-energy collision between an
atom and a d-wave dimer can be characterized by the
atom-dimer scattering length which requires both the in-
coming and the outgoing momentum to be zero. Thus
setting k′ = 0 and projecting Ad(s)d(k,k′ = 0) into
components with total orbital angular momentum l,
Ad(s)d(k) ≡ Ad(s)d(k,k′ = 0) can be written as
Add(k) =
∑
l
Aldd(k)Pl(cos θk)(2l + 1),
Asd(k) =
∑
l
Alsd(k)Pl(cos θk)(2l + 1),
(18)
where Pl(x) is the Legedre function with normalization
condition
∫ 1
−1 dxPl(x)Pl′(x) = 2δll′/(2l+1). Then a par-
tial wave expansion can be applied for the coupled STM
equations Eq. (12). In terms of Ald(s)d(k), Eq. (12)
can be reduced into two coupled one-dimensional integral
equations with integration over k and summation over l,
which we solve numerically. In the numerical calculation,
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FIG. 3. The scattering length aad between an atom and a d-
wave dimer as a function of the atom-atom s-wave scattering
length as. The d-wave bound state energy is fixed at Ed =
−0.5En, where En = k2n/2M with kn being the wave vector
defined through the density n = N/V . The arrow denotes
the typical as for the experimental observation of the d-wave
Feshbach resonances [2] with 1/knas = 30.
we discretize the integration of k and reduce the two one
dimensional integral equations into a matrix equation.
A sufficient large cutoff for the momentum kc and angu-
lar momentum summation lc are chosen until the results
of Ald(s)d(k) converge upon solving the reduced matrix
equation.
The atom and d-wave dimer scattering length is ob-
tained through the s-wave component of the scattering
T -matrix between an atom and a d-wave dimer with the
energy E fixed at the dimer binding energy Ed, i.e. [6]
aad = −M
3pi
T l=0ad (k = k
′ = 0, E = Ed). (19)
The atom and d-wave dimer T -matrix is related to the
calculated scattering amplitude through
T l=0ad = ZdAl=0dd , (20)
where Zd is the d-wave dimer residue factor and de-
fined hrough the d-wave full Green’s function when E
approaches the d-wave bound state energy as
Dd(q, E)→ Zd
E − Ed + i0+ , (21)
where Ed and Zd will be calculated numerically for each
set of {D, v,R} according to Eq. (7) and the dimer en-
ergy is approximated to Ed ≈ v/MD at the low energy
limit.
The scattering length between an atom and a d-wave
dimer aad is plotted in Fig 3 as a function of the s-wave
interaction strength between atoms for a fixed dimer en-
ergy. It can be found the aad is positive and increases
with the increasing of atomic scattering length as, but
its magnitude is much smaller than the result of mean-
field approximation. Within the mean-filed theory, the
s-wave interaction energy can be written in terms of total
iAss
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FIG. 4. Feynman diagrams of scattering matrix for three
atoms Taaa(k = 0,k
′ = 0, E = 0).
density of atoms, which reads
E = 2pi~
2as
M/2
(na + 2nd)
2
2
(22)
where the cross term contributes to the atom-dimer in-
teracting energy as
Ead = 2pi~
24as
M
nand. (23)
Here na is the atomic density and nd is the dimer density.
Rewriting this energy in term of atom-dimer scattering
length also by the mean-field approximation, it gives
Ead = 2pi~
2a0ad
2M/3
nand, (24)
where 2M/3 is the reduced mass of an atom and a dimer.
By matching Eq. 23 and 24, it yields a0ad = 8as/3. As
compared with the result shown in Fig. 3, the actually
three-body result is much smaller than the mean-field
estimation. The deviation from the mean-field result also
appears in other systems such as two-component Fermi
gas [8, 9] and Bose-Fermi mixture [10]. For example, in
the two-component Fermi gas, the atom-dimer scattering
length aad ∼ 1.23as [7] which is much smaller than the
mean filed result 8as/3.
IV. THREE BODY RECOMBINATION RATE
This formalism also allows us to study the three-body
loss rate at low-energy, by considering collision of three
atoms with nearly zero momentum. This calculation is
very relevant to the lifetime of a low-temperature Bose
condensate nearby such a d-wave resonance. As a result,
different from considering the scattering between an atom
and a d-wave dimer as discussed above, here we focus on
the scattering process between three atoms with zero in-
coming momentum. In a condensate, almost all atoms
condense at zero momentum and two zero-momentum
atoms can only form s-wave dimer. Thus scattering of
three zero-momentum atoms can be diagrammed as in
Fig. 4 where only s-wave dimer is allowed to connect the
zero-momentum atoms. Here, Ass characterizes scatter-
ing between an atom and s-wave dimer with both the
incoming and outgoing dimers being the s-wave type. As
5= +
+
= +
+
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<latexit sha1_base64="zJGu7Uj/AHmcMADYz4xkIE8OuD0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuqy6cVnBPqANYTKdt EMnkzAzUUrMp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+YECWdKO863tbK6tr6xWdmqbu/s7u3btYOOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTeF3H6hULBb3eppQL8IjwUJGsDaSb9fYIMJ6TDDPrnI/Uyr37brTcGZAy8QtSR1KtHz7azCMSRpRoQnHSvVdJ9FehqVmhNO8Okg VTTCZ4BHtGypwRJWXzaLn6MQoQxTG0jyh0Uz9vZHhSKlpFJjJIqda9ArxP6+f6vDSy5hIUk0FmR8KU450jIoe0JBJSjSfGoKJZCYrImMsMdGmraopwV388jLpnDVcp+Hendeb12UdFTiCYzgFFy6gCbfQgjYQeIRneIU368l6sd6tj/noilXuHMIfWJ8/6xOUag==</latexit><latexit sha1_base64="zJGu7Uj/AHmcMADYz4xkIE8OuD0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuqy6cVnBPqANYTKdt EMnkzAzUUrMp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+YECWdKO863tbK6tr6xWdmqbu/s7u3btYOOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTeF3H6hULBb3eppQL8IjwUJGsDaSb9fYIMJ6TDDPrnI/Uyr37brTcGZAy8QtSR1KtHz7azCMSRpRoQnHSvVdJ9FehqVmhNO8Okg VTTCZ4BHtGypwRJWXzaLn6MQoQxTG0jyh0Uz9vZHhSKlpFJjJIqda9ArxP6+f6vDSy5hIUk0FmR8KU450jIoe0JBJSjSfGoKJZCYrImMsMdGmraopwV388jLpnDVcp+Hendeb12UdFTiCYzgFFy6gCbfQgjYQeIRneIU368l6sd6tj/noilXuHMIfWJ8/6xOUag==</latexit><latexit sha1_base64="zJGu7Uj/AHmcMADYz4xkIE8OuD0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuqy6cVnBPqANYTKdt EMnkzAzUUrMp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+YECWdKO863tbK6tr6xWdmqbu/s7u3btYOOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTeF3H6hULBb3eppQL8IjwUJGsDaSb9fYIMJ6TDDPrnI/Uyr37brTcGZAy8QtSR1KtHz7azCMSRpRoQnHSvVdJ9FehqVmhNO8Okg VTTCZ4BHtGypwRJWXzaLn6MQoQxTG0jyh0Uz9vZHhSKlpFJjJIqda9ArxP6+f6vDSy5hIUk0FmR8KU450jIoe0JBJSjSfGoKJZCYrImMsMdGmraopwV388jLpnDVcp+Hendeb12UdFTiCYzgFFy6gCbfQgjYQeIRneIU368l6sd6tj/noilXuHMIfWJ8/6xOUag==</latexit><latexit sha1_base64="zJGu7Uj/AHmcMADYz4xkIE8OuD0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokIuqy6cVnBPqANYTKdt EMnkzAzUUrMp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+YECWdKO863tbK6tr6xWdmqbu/s7u3btYOOilNJaJvEPJa9ACvKmaBtzTSnvURSHAWcdoPJTeF3H6hULBb3eppQL8IjwUJGsDaSb9fYIMJ6TDDPrnI/Uyr37brTcGZAy8QtSR1KtHz7azCMSRpRoQnHSvVdJ9FehqVmhNO8Okg VTTCZ4BHtGypwRJWXzaLn6MQoQxTG0jyh0Uz9vZHhSKlpFJjJIqda9ArxP6+f6vDSy5hIUk0FmR8KU450jIoe0JBJSjSfGoKJZCYrImMsMdGmraopwV388jLpnDVcp+Hendeb12UdFTiCYzgFFy6gCbfQgjYQeIRneIU368l6sd6tj/noilXuHMIfWJ8/6xOUag==</latexit>
(b)
(a)
0, 0
<latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t>
0, 0
<latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit>
0, 0
<latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit><latexit sha1_base64="ZKbII U+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT1 6CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3 pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28Sp pqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJS PGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBj On5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKoo X6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79 GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2Powh ncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8K Pjg==</latexit>
0, 0
<latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t><latexit sha1_ base64="ZKbIIU+YqgDxYAZaGG hlA4mp+Bs=">AAAB8HicbVBNSw MxEJ2tX7V+VT16CRbBg5SsFOqx 4MVjBfsh7VKyabYNTbJLkhXK0l/ hxYMiXv053vw3pu0etPXBwOO9G WbmhYngxmL87RU2Nre2d4q7pb3 9g8Oj8vFJ28SppqxFYxHrbkgME 1yxluVWsG6iGZGhYJ1wcjv3O09M Gx6rBztNWCDJSPGIU2Kd9Jj1ww jh2RUelCu4ihdA68TPSQVyNAfl r/4wpqlkylJBjOn5OLFBRrTlVL BZqZ8alhA6ISPWc1QRyUyQLQ6eo QunDFEUa1fKooX6eyIj0pipDF2 nJHZsVr25+J/XS210E2RcJalli i4XRalANkbz79GQa0atmDpCqOb uVkTHRBNqXUYlF4K/+vI6aV9XfV z172uVRi2PowhncA6X4EMdGnAH TWgBBQnP8ApvnvZevHfvY9la8P KZU/gD7/MHl8KPjg==</latexi t>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
k1, !1
<latexit sha1_base64="gZdlv1vdmjO8/LR+XfKpxEM4VTk=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKP8iBO4GgS+efwIpC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPthKUCg==</latexit><latexit sha1_base64="gZdlv1vdmjO8/LR+XfKpxEM4VTk=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKP8iBO4GgS+efwIpC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPthKUCg==</latexit><latexit sha1_base64="gZdlv1vdmjO8/LR+XfKpxEM4VTk=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKP8iBO4GgS+efwIpC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPthKUCg==</latexit><latexit sha1_base64="gZdlv1vdmjO8/LR+XfKpxEM4VTk=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKP8iBO4GgS+efwIpC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPthKUCg==</latexit>
 k1,!1
<latexit sha1_base64="y9+mKxYgGo6ZJ9LCSy+KpCcZ8r0=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKPLvIgTuBoEvnnMJC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPtH6UCg==</latexit><latexit sha1_base64="y9+mKxYgGo6ZJ9LCSy+KpCcZ8r0=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKPLvIgTuBoEvnnMJC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPtH6UCg==</latexit><latexit sha1_base64="y9+mKxYgGo6ZJ9LCSy+KpCcZ8r0=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKPLvIgTuBoEvnnMJC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPtH6UCg==</latexit><latexit sha1_base64="y9+mKxYgGo6ZJ9LCSy+KpCcZ8r0=">A AAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCCy2JFHRZcOOygn1AE8JkOmmHziPMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5wyqo3nfT ulldW19Y3yZmVre2d3z90/aGuZKUxaWDKpujHShFFBWoYaRrqpIojHjHTi0c3U7zwQpakU92ackpCjgaAJxchYKXKPLvIgTuBoEvnnMJC cDFDkR27Vq3kzwGXiF6QKCjQj9yvoS5xxIgxmSOue76UmzJEyFDMyqQSZJinCIzQgPUsF4kSH+ez6CTy1Sh8mUtkSBs7U3xM54lqPeWw7 OTJDvehNxf+8XmaS6zCnIs0MEXi+KMkYNBJOo4B9qgg2bGwJworaWyEeIoWwsYFVbAj+4svLpH1Z872af1evNupFHGVwDE7AGfDBFWiAW 9AELYDBI3gGr+DNeXJenHfnY95acoqZQ/AHzucPtH6UCg==</latexit>
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<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">A AAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87R U2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihd A68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISPWc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/X S210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8Apvn vZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
0, 0
<latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit><latexit sha1_base64="ZKbIIU+YqgDxYAZaGGhlA4mp+Bs=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5SsFOqx4MVjBfsh7VKya bYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxmL87RU2Nre2d4q7pb39g8Oj8vFJ28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjv3O09MGx6rBztNWCDJSPGIU2Kd9Jj1wwjh2RUelCu4ihdA68TPSQVyNAflr/4wpqlkylJBjOn5OLFBRrTlVLBZqZ8alhA6ISP Wc1QRyUyQLQ6eoQunDFEUa1fKooX6eyIj0pipDF2nJHZsVr25+J/XS210E2RcJallii4XRalANkbz79GQa0atmDpCqObuVkTHRBNqXUYlF4K/+vI6aV9XfVz172uVRi2PowhncA6X4EMdGnAHTWgBBQnP8ApvnvZevHfvY9la8PKZU/gD7/MHl8KPjg==</latexit>
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FIG. 5. Feynman rules for the scattering processes between
an atom and an s-wave dimer. The double (dashed) lines
are the bare s (d)-wave dimer Green’s functions. The shaded
double lines are the corresponding full Green’s functions. The
black dots (stars) are the s (d)-wave interacting vertex.
shown in Fig. 5 (a), the lowest order process of Ass is
also the one-atom exchange diagram. Although we con-
sider a zero-momentum atom and s-wave dimer scatter-
ing process, in the intermediate scattering process finite
momentum summation exists as indicated in the second
and third terms. Thus similar to Add, here Ass is also
coupled to Ads with both d- and s-wave dimer formed
during the intermediate scattering process.
Without loss of generality, we consider a finite mo-
mentum scattering process and take the zero limit in the
end. Then the corresponding STM equations of Fig. 5
are written as∫
d3k1
(2pi)3
[Mss(k,k1)Ass(k1,k′) +Msd(k,k1)Ads(k1,k′)]
−Ass(k,k′) = Uss(k,k′)∫
d3k1
(2pi)3
[Mds(k,k1)Ass(k1,k′) +Mdd(k,k1)Ads(k1,k′)]
−Ads(k,k′) = Uds(k,k′),
(25)
where Uσσ′ and the kernels Mσσ′ are defined in Eq.
(13) and (17). Noticed that when taking the zero limit
k = k′ = E = 0, Ass is infrared divergent due to the
divergence of both Uss and Mss [11–13]. We seperate
Ass into the the regular part A¯ss and the irregular part
as
Ass(k,k′, E) =A¯ss(k,k′, E)− 4M
k2
+
8Mpias
3k
−
(
8M
√
3a2s
pi
− 256Mpi
3a2s
3
)
ln k,
(26)
where the divergent irregular part comes from the lowest
three order diagrams involving only s-wave dimer during
the intermediate process in Fig. 5 (a). Substituting Eq.
(26) into the coupled STM equations Eq. (25), the ir-
regular part will cancel the divergence of Uss and Mss.
• • • • • • • • •
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FIG. 6. Total three body recombination rate around the d-
wave resonance at 1/knas = 30. In the weak coupling side
with quasi-bound state, the loss is mainly due to the deep
s-wave bound state. While in the strong coupling side, addi-
tional loss channel is the shallow d-wave bound state.
In terms of regular part of the scattering amplitude A¯ss,
the STM equations Eq. (25) is convergent and a similar
numerical calculation can be adopted.
We solve the coupled STM equations Eq. (25) with
partial wave expansion in discrete momentum space. Fi-
nally, according to the optical theorem, the total three
body recombination rate is related to the three-atoms
scattering amplitude or the A¯ss through [6]
α = Im[Taaa(0, 0, 0)] = 144pi
2a2s
M2
Im[A¯l=0ss (0, 0, 0)]. (27)
Noticed that, within the partial wave expansion, l = 0 is
the only term that contributes to three-body recombina-
tion rate α when k = k′ = 0. In Fig. 6, we plot the three-
body recombination rate α as a function of d-wave dimer
energy Ed. It can be found that α is small and almost
uniform on the quasi-bound side. In this regime, atoms
can escape from the trap mainly through colliding into a
deep s-wave deep bound state and the tunneling between
quasi-bound states and scattering states is negligible [14].
This is different from the finite temperature thermal gas
case. For thermal atoms, they occupy an energy win-
dow with positive energy and peaked at kBT . When the
quasi-bound state energy is around kBT , strong tunnel-
ing between quasi-bound states and scattering states will
result in a large loss in the quasi-bound side [14]. When
the quasi-bound state energy is much larger than kBT ,
the loss is suppressed. Thus, for thermal gas, the loss
rate shows strong energy dependence at the quasi-bound
side [14].
When approaching the bound side, additional loss
channel is open, in which atoms can collide into shallow
d-wave bound state. It can be found that the total recom-
bination rate monotonically increases across the unitary
point from the the quasi-bound to bound side as shown
in Fig. 6. To analytically understand the relation be-
tween the three-body recombination rate and the dimer
bound state energy on the bound side, we consider the
6 k1,!1
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FIG. 7. The lowest Feynman diagram for scattering between
the atom and s-wave dimer. The internal full dimer (grey
shadowed double lines)could be s-, p-, or d-type. The con-
nected two white circles are the associated vertex.
lowest order diagram for Ass(0, 0, 0) as shown in Fig. 7.
For the d-wave interacting case, the full dimer propaga-
tor (grey shadowed double lines) in Fig. 7 stands for
Dd(k1,−ω1). We denote this lowest order d-wave type
scattering amplitude as Adss, which is explicitly given by
Adss =
∫
dk1dΩ
(2pi)3
k21U
2
s (k1)G
A
0 (k1,−
k21
2M
)GA0 (k1,−
k21
2M
)
× Ud(k1)Ud(k1)Dd
(
k1,− k
2
1
2M
)
.
(28)
As given by Eq. (27), the three-body recombination rate
is proportional to the imaginary part of Adss which is
contributed by the pole of the d-wave full dimer prop-
agator. Denoting the d-wave dimer bound state energy
as Ed = k
2
d/2M , the imaginary part of the d-wave full
dimer propagator Eq. (7) can be written as
Im
[
Dd
(
k1,− k
2
1
2M
)]
=
2MpiZd
3k1
δ(k1 − kd), (29)
where Zd is defined by Eq. (21). We numerically find
that Zd is nearly invariant through the resonance. Then
the imaginary part of Adss is evaluated as
Im[Adss] =
∫
dk1dΩ
(2pi)3
k21U
2
s (k1)G
A
0 (k1,−
k21
2M
)GA0 (k1,−
k21
2M
)
× Ud(k1)Ud(k1)2MpiZd
3k1
δ(k1 − kd)
∼ k2d · 12 ·
1
k2d
· 1
k2d
· k2d · k2d ·
1
kd
∼ kd,
(30)
where we only count the order dependence on kd. Then
the recombination rate αd0 due to the lowest d-wave scat-
tering is proportional to Ed with
αd0 ∼
√
Ed. (31)
When the intermediate dimer is s-wave type, the lowest
scattering amplitude of s-wave type Asss can be explicitly
written as
Asss =
∫
dk1dΩ
(2pi)3
k21U
2
s (k1)G
A
0 (k1,−
k21
2M
)GA0 (k1,−
k21
2M
)
× Us(k1)Us(k1)Ds
(
k1,− k
2
1
2M
)
,
(32)
where
Im
[
Ds
(
k1,− k
2
1
2M
)]
∼ δ(k1 − ks), (33)
with the s-wave dimer bound state energy Es = k
2
s/2M .
Then the three-body recombination rate due to lowest
s-wave scattering is related to the corresponding s-wave
bound state energy through
αs0 ∼ Im[Asss] ∼
1
k2s
∼ 1
Es
, (34)
where the enhanced coupling k2 in Eq. (15) due to d-
wave interaction is missing. Here αs0 ∼ 1/Es is consistent
to αs ∼ a4s upon including the prefactor a2s given in Eq.
(27) [15]. According to the above analysis, it turns out
the d-wave interaction, due to the k2 dependence of the
interaction strength, the recombination rate αd0 now is
proportional to Ed which is consistent to the numerical
calculation as shown in Fig. 6 on the bound side. This is
very different from that for the s-wave interaction where
the recombination rate is proportional to 1/Es. Thus
for the s-wave case, the loss peak is around the unitary
point. For the d-wave interaction, the loss rate mono-
tonically increase through the unitary point. Eventually
this monotonic behavior will be suppressed by the finite
momentum cut-off and becomes less universal.
V. CONCLUSION
We study the three-body scattering processes in terms
of the Skorniakov-Ter-Martirosion (STM) equations for
the d-wave interacting Bose system with an s-wave back-
ground scattering. A theoretical formalism of the STM
equations for mixed partial wave interactions is estab-
lished. Within the STM equations, the resulting scat-
tering length between an atom and a d-wave dimer pro-
vides the basic parameter for future investigation of this
system. We calculate the total three-body recombina-
tion rate for the low-temperature Bose condensate. We
find that the three-body recombination rate is almost a
constant at the quasi-bound side, and this is strongly in
contrast to a thermal gas nearby a high-partial wave res-
onance, where the recombination rate has strong energy
dependence. We also find that the three-body recom-
bination rate monotonically increases through the uni-
tary point, and this is also strongly in contrast to a low-
temperature gas nearby an s-wave resonance, where the
recombination rate is peaked at unitary. This reveals
7that a combination of low-temperature degeneracy and
d-wave resonance does yield new unique features.
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